requirements and the changing business environment. Using the Hong Kong hotel industry as an example, hotels in a commercialized city face both short-and long-term challenges. Hong Kong hotels have increased service varieties steadily during the past 20 years to satisfy demand from business customers. New services were added to the standard package by increasing room rate (Hong Kong Hotels Association [HKHA], 1975) . A 1998 survey (L. indicated that customers were dissatisfied with hotel services and operations. Many customers do not have a need for all available services but they have to pay for them regardless. On the business environment front, the Hong Kong hotel industry experienced numerous changes in terms of its sovereignty, government policy, economy, market, and political situation (Hong Kong Tourist Association [HKTA], 1971; HKTA, 1997a, b & c; Kam, 1998; Moir and Sui, 1998) , especially in the past several years. As indicated in Table 1 , hotels' responses to cope with changes have been reported ineffective.
The operational inflexibility that leads to customers' dissatisfaction needs to be addressed. The adaptability to environmental changes needs to be greatly improved. Problems indicated in Table 1 are not unique to Hong Kong hotel industry. Similar situations happened in other countries; their responses to the problem have been proven equally ineffectual (Chon & Singh, 1993; Marvel & Johnson, 1997; Phillips, 1997) . This ineffectiveness was the result of not considering all relevant tasks involved in the analysis, design, and implementation of hotel system systematically in an integrated manner for its entire system-lifecycle. Current solitary and nonintegrated attempts, lacking support of advanced information, and engineering technology utilization are really questionable in coping with the ever-changing market.
There is no lack of literature related to hotel operation and management. There is a definite need of literature on system methodologies embedded with advanced information and engineering technologies for hotel design, building, and operation in response to unpredictable and changing market. Many countries have experienced the same unpredictable market that occurred in Hong Kong, and a number of hotels have been closed (Poole, 1998a) and many others suffered losses as a result (Lee, 1998; HKTA, 1997c) . The hotel industry is in urgent need of a new approach in another dimension that uses advanced information and engineering technologies to design, build, and operate hotel system to be highly competitive in the ever-changing environment.
Although there is a remarkable difference between hotel and manufacturing industries (service and product orientated, respectively), their end purposes are identical: to satisfy market needs and customer satisfaction. As illustrated in Figure 1 , both industries are experiencing constant changes in market place, financial, and social conditions. Both industries are in need of systems with flexibility to cope with these changes. In response to such challenge, a manufacturing paradigm of Computer Integrated Manufacture (CIM) has evolved and has been widely documented since the mid-1980s. Among the many types of CIM concepts, modeling methods and architectures (CASA/SME, 1993; Daniel, 1985; Doumeingts, Vallespir, Zanettin, Chen, 1992; Ryan, 1984; Savage, 1985; Sweeney, 1990; Williams, 1992; Wilson, 1991) , the Open System Architecture for Computer Inte- (Chan, 1997; "Both hotel," 1997) the early stage of the system-life-cycle Early 1997
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Borrowing experience gained from manufacturing industry, this article proposes a research and development framework, which uses advanced information and engineering technologies for the establishment of a hotel system. CIM systemlife-cycle is used as a reference model. The established hotel system can weather unexpected changes in the market place.
OPEN SYSTEM ARCHITECTURE FOR COMPUTER INTEGRATED MANUFACTURING (CIM-OSA)
CIM-OSA was developed by the European CIM Architecture Consortium (AMICE) under the European Programs on Research and Development for Information Technology (ESPRIT) projects. ESPRIT was established in 1984 and had a goal of improving the competitiveness of European industry through collaboration among universities, research institutions, and industrial organizations on research and development (R&D) works (Kosanke, 1991) .
The methodology that CIM-OSA uses to design and structure the architecture of an enterprise is based on system-life-cycle. The system-life-cycle is divided into five main phases: System Requirements Definition, System Design, System Build and Release, System Operation, and System Change. As shown in Figure 2 , in each phase of the system-life-cycle, the enterprise is linked to the real world.
System Requirements defines a set of requirements for the developed system. It also establishes possible constraints that may affect system implementation. The purpose of System Design is to determine methodology in satisfying system requirements and implementation. The process of system design is supported by Information Technology (IT) to ensure consistency and basic optimization. Activities that bring the system into operation are the main concern of System Build and Release. Newly built components require verification before being released to the operation. System Operation aims at controlling the desirable product and services, whereas the System Change is required because of the possible change in customer requirements and business environment (Wilson, 1991) .
R&D FRAMEWORK
To meet challenges and opportunities imposed by rapid and unpredictable changes in customer demands, hotels need well-managed internal responses. Without them, operation complexity will increase and create inconsistencies and incompatibilities in hotel operation. In response to challenges, hotel enterprise has to use a customer-oriented approach that provides system operation flexibility and asset utilization efficiency as well as focuses on individual customer satisfaction and market demand quantity.
Based on manufacturing engineering concepts and principles, an engineering R&D framework for the hotel industry has been proposed. This framework follows the quick and made-simple method, uses customer-oriented approach, and is based on CIM-OSA system-life-cycle principle. Made-simple means simplification of supervisory level controls and information flow within the hotel enterprise. Quick refers to responding to customer requirements through a customer-oriented approach. In achieving quick and made-simple, the R&D effort will have to bring innovative ideas into hotel facility design and assembly, such as furniture and reconfiguration of rooms (guest and functional), in meeting different or particular customer requirements.
Process/system reengineering and optimization techniques are suggested to simplify process and organization to satisfy individual customer needs, to reduce operational lead-time, and to optimize hotel resources. The results of this R&D framework emphasize personalized approach, such as delegating to multiskilled and knowledgeable persons, with the help of a computerized Artificial Intelligence (AI) management system to coordinate customized services available to each individual customer.
The proposed engineering R&D framework requires a combination of the organization, people, and technology into an integrated and coordinated hotel system for its entire system-life-cycle. It explores AI imbedded in CIM to improve the intelligence level of hotel system in terms of cooperation, coordination, and communication among people. The application of AI techniques for rapid decision making and real-time information interchange will have direct benefit to hotel industry. Its implication in terms of leadership, cooperation, and communication are worth further investigation.
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The system-life-cycle of a hotel enterprise, as shown in Figure 3 , can be divided into different stages: System Requirements and Strategies, System Design, System Build and Release, System Operation, and System Change. Special attention is placed on System Change to meet the challenge of rapidly changing and unpredictable customer needs. The System Change is considered a concurrent event that may occur at any time throughout the system-life-cycle.
The framework addresses
• meeting hotel customer requirements;
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Figure 2 Relations of the CIM System Life Cycle
• understanding encountered problems of the existing hotel system-life-cycle;
• treating system changes as dynamic and random events that could occur at any stage of the system-life-cycle; • providing the constituent blocks of solutions, strategies, methods, parts, or components to overcome encountered problems and constraints in meeting the requirements of each stage of the system-life-cycle; • integrating the constituent blocks to keep them working coherently;
• transferring the system into operation; and • reengineering process with emphasis on personalized service supported by multiskilled personnel.
The purpose of the proposed R&D framework is to provide guidance to confine R&D activities in a coherent way and to make the R&D effort more effective in response to challenges. The customer-oriented, quick and made-simple hotel system approach will gain a competitive advantage by its inherent capacity to respond to changes rapidly in the market place.
ENCOUNTERED PROBLEMS AND R&D SOLUTIONS
This section discusses each phase of the proposed R&D framework in solving encountered problems of an existing hotel enterprise. The problems and the important R&D areas are summarized in Figure 4 .
System Requirements and Strategies
Standardization of products and services, simplification of customer needs, and ease of management are design goals for present hotel system. The system strategy is based on mass production philosophy, a homogeneous approach to serve a predefined class of overseas business customers with standard procedures, and a plan for providing similar services for all as shown in Figure 5 requires a division of labor to produce a range of products to meet the needs of a targeted class of customers. Labors are specialized in a narrowly defined task in the standard process. Although mass production philosophy provides economy of scale for long-term investment return, it offers no flexibility in response to dynamic and changing market. At the initial stage of the hotel system-life-cycle, it is important to define the requirements and strategies required to meet the rapid and unpredictable change in customer quantity and individual needs. Minimizing resources and lead-time for these changes is important. The R&D strategies that can be employed to meet the criteria are as follows:
• enlarging the customer base by including nonbusiness customers to minimize the impact of fluctuations caused by business visitors, • applying an agile manufacturing philosophy to increase hotel adaptability and versatility, • using a heterogeneous approach to serve individual customer rather than a homogeneous approach to generalize customer needs, and • developing multiskilled and knowledgeable employees to improve system interchangeability and responsiveness and to increase flexibility in resource allocations.
The recent research efforts in relation to outlined areas from manufacturing engineering that can be further explored for application to the hotel industry are as follows.
Major system integration architectures for heterogeneous approach apart from CIM-OSA (ESPRIT CONSORTIUM AMICE 1991 are GRAI Integrated Methodology (GRAI-GIM) and Purdue enterprise reference architecture. GRAI-GIM, developed by the University of Bordeaux in France, uses the GRAI model for decision, information, and operation functions (Doumeingts et al., 1992) . The Purdue enterprise reference architecture is characterized by incorporating life cycle structure into task phases of enterprise life history. Humans are explicitly represented in the enterprise (Industry-Purdue University Consortium 1992; Williams, 1992) . Lee and Xon (1996) have developed an enabler for customer service process innovation by integrating information technology and case-based reasoning. Bruun (1996) provides an analytical framework to assist firms in selecting technology that is appropriate to the host country's environment. Cardullo (1996) presents analysis result on interactions of technology life cycles. Rauscher (1996) examines the organizational role of time to market during the product development process. Viswanadham and Raghaven (1997) provide definitions and measures of various types of flexibility as well as discuss the relationship between product structure and supply chain flexibility. Parry, Foster, Smith, Tranfield, and Wilson (1997) explore the dynamic capabilities of teamwork and identify benefits of teamwork. Gaimon (1997) introduces the IT-knowledge worker model and the inclusion of implementation-related dynamics. Agile manufacturing is used to represent the ability of a producer of goods and services to thrive in the face of continuous changes. Changes can occur in markets, in technologies, in business relationships, and in all facets of the business enterprise. DeVor (1997) discusses the genesis of several agile manufacturing research institutes and their ongoing activities and results. A vision for agile manufacturing research is articulated.
System Design
The inflexible mass production and division of labor philosophy drives the existing hotel design concept. The hotel organization is formed, therefore, by a hierarchical structure with a fixed system configuration to control service standards and working procedures. The hierarchical structure has many departments, sections, and teams that make daily operation decisions, carry out supervisory roles, and perform real works. This approach focuses on staff deployment rather than technology. Employees are classified into different levels with one level supervising the other level. A friendly and courteous hotel staff is viewed as one of the important factors in attracting customers, and it is a labor-intensive operation. The design pays very little attention to the use of modern technology for efficiency. The use of computers is mainly to perform data management, rather than to support decision making. The departments, sections, and teams are delegated to specific areas or tasks. As a result, different groups have different organizational structures, operational procedures, and operating strategies for their functions. Such structures make it difficult to integrate groups together in dealing with changes and contributing to bureaucratic hotel management and complicated operations. This leads to a very rigid and labor-intensive hotel system and limits the flexibility of an existing hotel enterprise in coping with challenges.
A typical hierarchical design structure (Baker, Bradley, & Huyton, 1994 ) of a reception counter of a Hong Kong hotel has five levels: receptionist, senior receptionist, assistant reception supervisor, reception supervisor, and reception manager. However, there are still six more levels above reception manager before one can reach the highest level of the hierarchy, the general manager. Many staff are employed to control their juniors and to watch for mistakes rather than to be involved in daily operations and serving customers. Only 60% to 70% of the staff are involved in productive work (i.e., providing services to customers) (L. .
Justifications to and approval by senior staff are required before a junior staff can carry out any duty beyond his or her predefined responsibilities. As reflected in the survey (L. , this is a time-consuming and ineffective process and often generates customer dissatisfaction over long delays. Hotels in Hong Kong had a staff to room ratio of 1:1 in the early 1990s to support their services and operations. This ratio has remained the same today. This high ratio creates complex and difficult manpower handling problems as hotels try to meet challenges of changes under a rigid and hierarchical structure.
To formulate system design strategies to meet the challenges, one should not only strengthen the task control aspect but also require a new management strategy by integrating organization, people, and technology (see Figure 6) . The integration should be derived from effective and responsive organizational structure, appropriate work practices, and all the skill, knowledge, intelligence, experience, and creativity of people involved. R&D work on reengineering the existing hotel organization structure and procedures becomes crucial. Engineering research reports related to this aspect for manufacturing are many. Yu and Wright (1997) recently developed a software tool to support business process analysis and modeling. Murray and Lynn (1997) addressed the importance of change in an organi-
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Figure 6
New Integrated Hotel Structure zation, business process reengineering, and information system to improve the customer service quality. Paper (1997) also explored the drivers behind successful business process reengineering and examined the link between the business process simplification and methodology improvement with the problem-solving process.
Because the hotel industry requires rapid and dynamic response, application of AI techniques and computerization of information systems are essential. Proudlove (1998) has reviewed intelligent management systems for operations; Ponelis and Wessels (1998) provided overview on knowledge management; and Yang and Yang (1997) did a survey on constraint networks. To tackle dynamic hotel rooms allocation with minimal resource, methods and tools used in manufacturing industry could be further explored. Chantler and Aldea (1998) proposed a scheduling algorithm for model-based time-constrained diagnosis. Zupan and Cheng (1998) developed an optimization of rule-based systems using state space graphs. Heikkila and Koivo (1998) proposed the modular control system with intelligent scheduling. Ryu (1998) proposed the constraint logic-programming framework for integrated decision supports.
The design for flexibility is one of the most important criteria to increase agility of hotel enterprise. A number of research articles in engineering flexibility can be used by the hotel industry. In view of the environmental uncertainties, flexibility is a prerequisite before a factory can weather both internal changes and external forces (Garrett, 1986) . The internal changes could include equipment breakdowns, variable task times, queuing delays, rejection, and rework (Buzacott & Mandelbaum, 1983) . The external forces referred largely to fundamental uncertainties of competitive environment, and the nature of these uncertainties was not always known (Zelenovic, 1982) . The uncertainties could arise from product demands, product prices, product mixes, and availability of resources. They could also come from actions of competitors, changes in consumer preference, technological innovations, and so forth. Pyoun and Choi (1994) developed an approach to separate the system manufacturer viewpoints from the user viewpoints when analyzing the manufacturing flexibility. The flexibility was divided into potential flexibility and realizable flexibility. From the system manufacturer point of view, the potential flexibility was inherent in a manufacturing system before it was implemented and operated by the user. The realizable flexibility referred to that situation when the manufacturing system was under operation. The users would use both the potential flexibility and their own engineering and management capability to realize the given manufacturing strategy and to fulfill the specified market demand.
System Build and Release
Existing hotels provide many facilities. These include swimming pools, fitness centers, business centers, flower shops, kiosks, barbershops, beauty shops, laundries, restaurants, and cake shops (Brown & Lefever, 1990) . Table 2 indicates the range of facilities provided by Hong Kong hotels (HKHA, 1975) . Each facility entity serves a particular purpose and provides extra convenience to customers. The hotel is independently operated and maintained by adopting a self-reliant approach. Entities are rigidly built for a single-purpose usage. This makes entity alteration or reconfiguration very costly or even impossible.
Entities and their relationships are fixed during the System Build stage. All entities have to be fully operational and functional before the facility can be released to the public. Most hotels will invite experts or customers to live in the hotels for the acceptance test. Due to the fast change in market demand, the System Build and Release stage needs to be very efficient so that it can meet the upcoming demand. The approach of building entities in a rigid entity and for a single purpose results in the problem that entities cannot be reconfigured for change. The indivisibility of system release also prolongs the construction time. This creates a time lag in hotel room supply and slows down response to market demand. Figure 7 shows the time lag between supply and demand. Taking Hong Kong as an example, hotels were built for business customers with deluxe features in the emerging market. When a deluxe hotel was put into operation 5 years later (normal lag for Hong Kong hotel industry), market demand had changed to tourism. Customers now come mainly for sightseeing and shopping. They are looking for
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Table 2 Provision of Services and Facilities by the Hotels in Hong Kong
Hotel Facilities
In-Room Facilities and Services
Basic facilities provided for business Domestic equipment includes color TV, customers and travelers (e.g., food private bath, air-conditioning, refrigerator, and beverage [F&B] service, limousine and telephone service, shopping, arcade, and conference room)
Additional facilities include the following:
• F&B outlets (e.g., conference rooms, function rooms, ballroom, restaurants)
• Recreation (e.g., swimming pool and fitness center)
• Business (e.g., business center)
• Retail (e.g., florist, kiosk, cake and chocolate shop, flower shop)
• Entertainment (e.g., game room and sightseeing tour)
• Other (e.g., reading room, library, billiard room, golf driving range, covered tennis court, barber shop, laundry, workshop)
In-room facilities expand to different areas on top of domestic facilities including:
• Furniture (e.g., bed, rollaway, baby cot)
• Entertainment (e.g., in-house movies)
• Communication (e.g., international direct dialing service, fax)
• Security (e.g., in-room safe, security door lock)
• Electrical appliances (e.g., hair dryer, iron)
Room rate covers the utilization of other facilities:
• Free breakfast, especially common on executive floor
• Free entertainment (e.g., in-house movie, cable TV)
• Luxurious guest giveaway (e.g., personal stationery and name cards)
• Expensive electric appliances (e.g., in-room Visual Compact Disc, PC, Laser Disc player, hands-free telephone)
Figure 7 Hotel System Build and Release for Luxury Hotel to Meet the Market Demand in Hong Kong
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low cost hotels and will not spend much time in the hotel. The deluxe hotels suffered a serious loss by cutting prices to attract customers. Deluxe hotels not only lost on sales but also wasted many resources by providing services and products far exceeding customers' consumption.
The need for implementing open system architecture with multivendor system and multiventuring capabilities is obvious. This approach offers easy reconfigurability in terms of setting up and running the facilities to meet customer needs. The concept of design for assembly is essential for building hotel facilities such as furniture, guestrooms, and conference rooms. Room resizing and reconfiguration can be readily and rapidly accomplished. The research on methods and tools related to this topic follows. Ho (1993) and Ho and Ranky (1994a , 1994b established a Hierarchical Objects' Structure (HOS) methodology and software tools, which can be applied to the generation of an open and highly flexible system. Using HOS modeling method and tools, the system-building components can be represented as reusable and reconfigurable objects that can be easily modified and reconfigured to meet new requirements. Coad and Yourdon (1991); Rumbaugh, Blaha, Premerlani, Eddy, and Lorensen (1991); Embley, Kurtz, and Woodfield (1992) ; O'Grady and Seshadri (1991); Hewlett-Packard (1990); and Dean (1991) provided a set of principles based on object-oriented analysis and design that are particularly useful for the development encapsulated in the system-building modules of a flexible system. Mohamed (1996) developed a flexible approach to reconfigure flexible manufacturing system.
System Operation
The existing hotel operating system is hierarchical and rigid. All customers are treated in the same way as if their needs are identical. Each functional department offers standard services. A typical process for handling a customer is as follows:
• customers are required to reserve their rooms through the reservation department before arriving in Hong Kong; • on arrival, they will contact the airport representative, check in at the hotel reception counter, and release their luggage to be handled by the concierge department; • the housekeeping department is responsible for providing cleaning services in their room with various other standard services; • separate departments offer services such as food and beverage outlets, swimming pool, barbershop, and flower shop; • the cashier and accounting departments are responsible for change and charge to the customers.
Information flows mainly vertically rather than horizontally. The top level management makes most decisions (Baker et al., 1994) . For example, a customer makes a request at the reception counter that his or her room be cleaned at 11:00 p.m. instead of the normal time and is willing to pay extra for this special service. This request will trigger a series of events in most Hong Kong hotels because this is beyond the duty of the receptionist and needs to be conveyed to the supervisor for a solution. The request will follow the hierarchical path upward from one level to another until it reaches the hotel manager. It's quite likely that this request will reach a senior manager who will then talk to the managers of all related departments. The manager will inquire with the housekeeping department with regard to the availability of labor to clean the room at 11:00 p.m., with human resources to see whether the cleaning can be performed by an outsider, and with the accounting department to work out charges for the special work. This simple inquiry generates an enormous amount of information flowing up and down different levels before the manager can make his decision. The decision will follow the same path back to the customer. This type of situation happens often. A survey indicated that 56% of the customers have to wait for a long time before a problem can be resolved (L. . The current way of dealing with a nonstandard customized service is very inefficient and time consuming.
To achieve short lead-time in decision making, to optimize hotel resources, and to fulfill individual customer needs, improvement of data accuracy and a real-time information system that supports decision makers are required. Time saved from the computer-aided decision-making system will allow managers to devote more time to customers for special requests. As a result, the hotel operating system will have a decentralized computer-aided decision-making structure that can customize hotel services and products.
Related works in the manufacturing industry that can be used as reference models for the hotel industry include the following. Schwarz and Donath (1997) developed a simulation-based performance analysis of distributed systems, and Khritonenko and Yatsenko (1995) investigated the nonsmooth problems of optimal control in integral dynamic models. Ishii and Muraki (1997) proposed a generic on-line scheduling and control framework to handle a wide variety of uncertainties by using proven external scheduling algorithms. Liu (1996) also proposed a virtual environment or a team working coordination system (VTWCs) for the computer-supported design coordination (DC) toward managing a project and multidisciplinary design teams. Sette, Boullart, and Langenhove (1996) optimized the production process through a neural network/genetic algorithm approach.
System Change
System change in an existing hotel is considered a contingency measure that splits from the system-life-cycle. Hotels play a passive role in the system change. System changes take place in most hotels only when a majority of customers do not accept the currently offered services. System change implementation adopted during the past few decades included either rebuilding or renovating the entire hotel enterprise. The process seriously affected the normal hotel operation and was very costly in terms of time and financial investment. The change usually required an almost complete redesign due to the fact that the system was built in a rigid and hierarchical structure. The outcome of the system change is to produce a new set of standard services and products, assuming these will meet the present or future customer needs. Performing system change of existing hotels based on mass production philosophy including a rigid design, development, and operation 366 JOURNAL OF HOSPITALITY & TOURISM RESEARCH structure will be a very risky and costly attempt in dealing with an unpredictable and rapidly changing market.
In view of rapid changes in the hotel market and high market competition, hotels have to offer customized services and products to meet individual customer requirements. This means that each served customer can request service customization (system change) to satisfy his or her needs. The concept of a heterogeneous and flexible design and build approach in developing a hotel enterprise will accomplish that. The service customization takes place when a customer makes his or her reservation. The scale of system changes depends on customer's request, hotel resource, and customization cost. The system change should be regarded as a mandatory event and treated as a concurrent process with the rest of the system-life-cycle. Lambert and Slater (1996) provided a critical examination of three most significant and popular product development time performance measures: first-to-market, fast product development cycle time, and on time schedule performance. It was concluded that none of these measures offered robust guidelines for product success and profitability. Three new, superior guidelines were proposed to supplement three factors (i.e., first-to-mind-share, effective market introduction timing, and managed responsiveness), signifying the importance of system change that is shared by the hotel industry.
CONCLUSION
This article has adopted the CIM-OSA system-life-cycle architecture to investigate existing hotel difficulties in facing the challenges of rapid change in a customerdriven market. A hotel is viewed as a manufacturing system that covers system requirements and strategies, system design, system build and release, system operation, and system change. The analysis results indicate that the hotel systems adopted mass production philosophy has inherited difficulties throughout the system-life-cycle in coping with changes.
The proposed R&D framework outlines R&D issues, which must be addressed to overcome difficulties of satisfying the customer-driven hotel market. The R&D approach within this framework addresses integration of organization, people, and technology throughout the entire system-life-cycle. The system change phase is treated as a mandatory event, which provides personalized service for individual customers. The utilization of modern manufacturing engineering concepts and technology, which could lead to a tangible advancement for the hotel industry, should be further explored.
